High-resolution Sr/Ca ratios of two Porites corals from Leizhou Peninsula were measured using inductively coupled plasma atomic spectrometry (ICP-AES). TIMS U-Th dating reveals that the life-spans of the two corals are 489-500 AD and 539-530 BC, respectively. Monthly sea surface temperatures (SSTs) during these two periods can be reconstructed from their skeletal Sr/Ca ratios. The results reveal that SSTs during 539-530 BC were roughly the same as those during 1990-2000 AD in this area, indicating a relative warm climate period. However, the period of 489-500 AD was significantly cooler, with annual mean SST, the 10-a average of minimum monthly winter SSTs and the 10-a average of maximum monthly summer SSTs being about 2, 2.9 and 1"C lower than that in the 1990s, respectively. Such climate patterns agree well with the phenological results recorded in the historic documents in other areas of China.
Holocene climate change has a great impact on human activity and the evolution of the human civilization. Therefore, to evaluate the quality of the present living environment of human being and to forecast the future climatic and environmental trend are important to the survival and development of human civilization. Understanding the climate change during Holocene may be essential for these purposes. Related studies on Holocene climate change had long been made in China, and a great number of notable results had been obtained. In recent years, many studies were carried out based on historical documents, ice cores, stalagmites, tree rings, peat, lake sediments, etc., and a great number of valuable data have been obtained. With the help of these data, the outline of the Holocene climate change in China had been drawn [I,2] (and references therein). However, as for the records of temperature variation, the key index of climate change, the instrument-measured records in most areas of China are not longer than dozens of years. On the other hand, continental temperature records obtained from ice cores, stalagmites, tree rings, peat and lake sediments cannot be compared quantitatively with instrumental records, and neither can they be used as proxies of the sea surface temperature.
Coral reefs occur allover the tropical oceans. Due to their fairly high growth rates (about 10-20 nnnla), the coral skeleton can provide very high-resolution (monthly to weekly) paleoclimate records. Some element ratios, such as Sr/Ca and Mg/Ca in coral skeletons, are mainly controlled by the temperature of the ambient seawater when the skeletons are concreted [3, 4] . Therefore, these element ratios can be used as proxies of the sea surface temperature (SST), which can be calibrated against modem instrumental records. With this merit, the coral skeletal elemental ratios can used to quantify SSTs through time and reveal the trend of climate change. This enables us to prolong the temperature records to ancient times when instrument records were not available, and provide us valuable data for a better understanding of past climate change.
Leizhou Peninsula is located at the southern end of the continental China and the northern margin of the tropical climate belt. A well-preserved coral reef occurs at the southwestern coast of Leizhou Peninsula, which is one of the best-preserved fringing reefs around the continental coast of China. On this reef, excellent materials are available for the study of the climate change in northern South China Sea and South China continent. A few case studies of this reef focusing on the coralline paleoclimate reconstruction were reported in recent years [5, 6] . Precise TIMS U-Th dating reveals that this coral reef was formed during several episodes of relative sea level highstands during the past 7000 a.
Two Porites lutea coral samples DL-05R and DL-ll collected from Dengloujiao, Xuwen County in this area (20 0 12'N, 109°55'E) were selected for high-resolution SST studies. They were formed in the areas of relative high sea level and in the periods of 1511±22 a and 2539±24 a (TIMS U-Th dating), respectively [7] . These two periods belong to the transition periods between Megathermal and Medieval Warm Periods in Holocene. Previous studies of Holocene climate change had paid less attention to such transitional periods than to other periods. However, the relative sea levels during these periods were higher than at present, which were likely related to some special climate events. Reconstruction of the SST records from these two corals has significant implications for the Holocene climate change.
Materials and analytical methods
The two coral samples DL-05R and DL-11 were first sliced into slabs with the thickness of about 5 mm. The growth patterns of these corals were investigated using X-ray photography in order to identify the maximum growth axes. The Sr/Ca samples were collected along the maximum growth axis with a sampling resolution about 0.5-1 mm, corresponding to monthly resolution or higher. Prior to sampling, a series of chemical treatments were performed on these slabs, including sequential ultrasonic washing in deionized water, I mol/L NaOH+1O%H 2 0 2 and diluted HN0 3 . Details of the sampling and chemical treatments are similar to those described by ref. [8] .
Representative sub-samples were selected for X-ray diffraction analysis to determine their mineral components. The results reveal that all the coral samples are composed of aragonite without any calcite, indicating that the coral samples are all fresh. The sub-samples were digested in 3% (volume contents) HN0 3 , and their Sr/Ca ratios were precisely measured on a Varian Vista ICP-AES in Guangzhou Institute of Geochemistry, Chinese Academy of Sciences. Detailed analytical procedures were described in ref.
[8]. The precision for the measured Sr/Ca ratios is better than 0.3%, and the results of the quality-control samples indicate that the long-term reproducibility of the Sr/Ca ratios is higher than 0.2%. All the measured Sr/Ca ratios are listed in Table I . The coralline Sr/Ca thermometer in this area was established on a modem Porites lutea coral by calibrating against instrument SST records. The thermometer is: Sr/Ca (mmol/mol) = -0.0424(±0.0031) X SST(C) + 9.836(±0.082) (MSWD = 8.5)1). The measured Sr/Ca ratios were translated into SSTs using this thermometer, and the precision of the SSTs was 0.2---D.5'C estimated from the analytical precision.
The SSTs calculated from coralline Sr/Ca ratios
The life spans of samples DL-05R and DL-II are twelve and ten years, respectively. The SST records were calculated from the Sr/Ca ratios using the thermometer described above, and the SST series are shown in Fig. 1 . In order to compare between the ancient SST records and modem ones, the monthly mean instrumental SSTs at Haikou Meteorological Station from 1989 to 2000 is also shown in Fig. I . The sampling location of these two corals is about 40 km away from Haikou Meteorological Station. The sea surface temperatures at these two areas are highly correlated with the temperature between 0.1 and 0.3 'C only[9 J . Therefore, the SST records in Haikou are representative of those at the sampling location of these two corals.
We transfer the TIMS U-Th ages of these two corals ARTICLES into calendar years, which enable us to compare the coralline paleoclimate records with those in the historical documents directly. The TIMS U-Th dating was performed in 2000 AD, the life time for DL-05R coral (1511 a) is from 489 AD to 500 AD, and 539 BC to 530 BC for DL-11 coral (2539 a), corresponding to the period of the Northern-Southern Dynasties and Spring-Autumn Periods in the history of China, respectively. The time intervals between sub-samples of the SST records reconstructed from coralline Sr/Ca ratios are not uniform as those of the monthly average of the instrument-recorded SSTs. Because the coral growth rates are higher in summer than that in winter in the South China Sea, the number of the sub-samples from winter bands should be less than those from summer bands when sampling in equal spaces. Thus, most of the coralline SST data are concentrated in summer, and SST data in winter are relatively less. In order to improve the resolution in wintertime, the sampling space at the winter band is generally condensed to 0.5-0.8 mm. This enables the time resolution of the SSTs in wintertime to be not lower than monthly average~As for those from summertime, the time resolution of a single sub-sample collected in I mm space is generally higher than monthly average. However, the SST drifts in the northern South China Sea are generally very small from June through August. Therefore, the average of the SSTs from these high-resolution sub-samples in summertime is close to the monthly averages, and the SSTs reconstructed from these coralline Sr/Ca ratios roughly represent the monthly average SSTs in the past.
The SST records in the Northern-Southern Dynasties (DL-11) reveal a maximum monthly mean summer SST of about 31.4 'C, which is close to that of the instrumental records in modem time. However, a minimum summer SST of 29.5'C is about 2'C lower than that in modem time (Fig. I) . As for the monthly average winter SST records, the records in the Northern-Southern Dynasties are generally lower than those in modem time (Fig. I) . The SST records during Spring-Autumn Periods exhibit similar summer and winter SSTs to those in modem time except for two abnormal winter SST records in 535 BC and 534 BC.
Similar to creatures, corals can adjust their growth status to fit the rapid enviromnent change. This may lead to the magnified Sr/Ca-SSTs if compared with instrumental records[IOJ. Therefore, single abnormal value in the coralline SST records may not be representative of the true record of the climate change, rather the long-term trends exhibiting by the coralline SST records might be reliable [ll] .
Some other factors may also affect the Sr/Ca-SST 1) Yu, K. F., Zhao, 1. x., Wei, G 1. et aI., 5 18 0, Sr/Ca and Mg/Ca records of Porites [utea corals from Leizhou Peninsula, northern South China Sea and their applicability as paleothermometers, 2004 (submitted to Palaeogeography Palaeoclimatology Palaeoecology).
